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Summary 
The emergence of Mineral Trioxide Aggregate (MTA) as a root-end filling material has 
generated a lot of interest due to its superior sealing ability and biocompatibility. 
Although MTA possesses superior sealing ability and is less cytotoxic compared to 
traditional root-end filling materials such as Super-Ethoxy Benzoic Acid (super-EBA) 
and Intermediate Restorative Material (IRM), it has poor handling characteristics. A 
novel root-end filling material with similar chemical composition, but improved handling 
characteristics was recently developed. This material has been tested and was found to 
fulfill the physical properties requirements for use as a root-end filling material. Earlier 
studies using a dye leakage test also found the root-end sealing ability of this material to 
be comparable to MTA. However, there is lack of in vivo studies to ascertain its 
biocompatibility. The aim of this project is to examine the tissue reactions to Viscosity 
Enhanced Root Repair Material (VERRM), when implanted in the mandible of guinea 
pigs and compare the reactions to those induced by MTA and also to test the sealing 
ability with a bacterial leakage model. 
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Fifteen adult male guinea pigs were anesthetized under aseptic conditions, tissue 
flaps were raised and bony cavities were created in the mandibles of the animals with 
burs. The materials MTA and VERRM were then implanted in these bony cavities. MTA 
and VERRM were implanted using Teflon cups as the carrier for the materials. The 
animals were randomly divided into 3 groups of 5 animals each. Each animal received 
one implant in the mandible. The animals were euthanized after a period of 80 days and 
the tissues were processed for histological examination using the Exakt system. Both the 
materials showed similar tissue reactions and absence of inflammatory reactions 
suggested that both the materials are biocompatible and there is scope for VERRM to be 
further developed for clinical use as a root-end filling material. 
Testing the sealing potential of MTA and VERRM was carried out using a bacterial 
leakage model. Forty-four extracted single rooted human teeth with single root canals 
were selected. They were randomly divided into two groups of 18 teeth (among, which 2 
teeth in each group were used to test the sterility of the apparatus) to receive the root-end 
fillings of MTA and VERRM respectively. The remaining 8 teeth were divided into 2 
groups of 4 each, to serve as positive and negative controls. After root-canal preparation 
using the step back technique, root end resections of 3mm were carried out. Root-end 
cavities were prepared using the ultrasonic technique and root-end fillings were placed. 
Nail varnish was applied to the external surface of all the teeth except at the apical end, to 
minimize leakage through the lateral surface. The leakage apparatus consisted of a 2ml 
micro centrifuge tube with a hole drilled in its cap. Trypticase soy broth was placed in the 
tube, and the tooth was fitted in the hole, such that 2-3mm of its apical end was immersed 
in the broth. Trypticase soy broth contaminated with Enterococcus faecalis (a Gram-
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positive bacterium) was introduced into the root canal through the coronal access cavity 
of the tooth. Bacterial leakage was observed as indicated by the turbidity of the broth. 
The observation period was 90 days. All the teeth in the positive control group leaked 
within 7 days. By the end of 1st week, one of the samples out of 16 samples (6.25%) in 
Group2 (ProRoot MTA) leaked on the 4th day. In the 2nd week, one sample out of the 16 
samples (6.25%) in Group1 (VERRM) leaked on the 10th day. In the 3rd week, one 
sample each in Group1 and Group2 leaked on the 15th and 18th day respectively. There 
was no leakage in the negative control group throughout the experimental period. After 
this up to a period of 12 weeks, there was no leakage in any of the samples. There was no 
significant difference in the leakage between the two materials. Hence, it was concluded 
that VERRM has the potential to be further developed as a root-end filling material. 
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1. Introduction 
In recent years, there have been various advancements in the field of endodontics due to 
better procedures and newer materials available, which have enabled dentists to save 
teeth, which previously might have been extracted (Gartner & Dorn 1992). One of the 
improvements is in the field of periradicular surgery, which is one of the most frequent 
endodontic surgeries performed (Chong & Pittford 2005). 
The main purpose of periradicular surgery is to prevent irritants leaching from the 
root canals and to eliminate the causes of unyielding infections (Jou & Pertl 1997). 
Periradicular surgery is performed in cases of failed root canal treatment and cases where 
normal root canal treatment would result in failure or when a biopsy is necessary. The 
indications for periradicular surgery included cases of instrument separation, apical 
fracture, inadequate root canal filling, and presence of cysts (McDonald & Hovland 1996, 
Gutmann & Harrison 1991, Gutmann & Regan 2004, Carr & Bentkover 1998). The main 
steps involved in a periradicular surgical procedure include periradicular curettage, root-
end resection, root-end preparation (i.e., preparing a class-I cavity (Torabinejad et al. 
1993)) and finally the insertion of a root-end filling. One of the factors contributing to the 
success of a root-end surgery is the selection of a suitable root-end filling material.  
The aim of a root-end filling material is to provide an air-tight seal to prevent the 
movement of materials such as bacteria and their byproducts from the root canal to the 
periradicular tissues (Gutmann & Regan 2004). The requirements of an ideal root end 
filling material are:  
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• should be capable of sealing all the borders of the prepared cavity for an 
extended duration of time,  
• should be biocompatible with the oral tissues and be non-resorbable,  
• should be simple to handle and must be radiopaque,  
• should not be affected by humidity,  
• should be non toxic,  
• should stimulate the regeneration of the periradicular tissues,  
• should be dimensionally stable, and it should not corrode (Carr & Bentkover 
1998, Gartner & Dorn 1992).  
There are several materials, which are used as root-end filling materials. These are 
amalgam, gutta-percha, gold foil, titanium screws, glass ionomers, ketac silver, zinc-
oxide eugenol, cavit, composite resins, polycarboxylate cements, poly-HEMA, bone 
cements, Intermediate Restorative Material (IRM), Super-Ethoxy Benzoic Acid (super-
EBA), and most recently, Mineral Trioxide Aggregate (MTA). Some of the materials are 
no longer used because of their various disadvantages (Jou & Pertl 1997). For example, 
the disadvantages of amalgam are corrosion, microleakage, discoloration of the tooth and 
surrounding structures and leaching of mercury.  To overcome these disadvantages, zinc 
oxide eugenol based cements such as IRM and super-EBA were introduced. However, 
even these materials have some disadvantages like tissue irritation, difficulty in 
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manipulation and sensitiveness to moisture (Gartner & Dorn 1992). Hence, it is difficult 
to find a material, which fulfills all the requirements as listed above. 
In this work, we focus on Portland Cement based materials, clinically available as 
Mineral Trioxide Aggregate (MTA). 
 MTA is a relatively new material in endodontics. It was developed in Loma Linda 
University and found its first mention in dental literature in 1993 (Lee et al. 1993). MTA 
was approved for dental use in 1998 by the U.S. Food and Drug Administration 
(Schwartz et al. 1999).  
MTA has generated great interest in the dental community due to its superior 
biological and physical properties over current endodontic root-end filling materials. 
MTA is superior to other root-end filling materials such as amalgam, Intermediate 
Restorative Material (IRM), Super-Ethoxy Benzoic Acid (super-EBA) because it 
provides an excellent seal between the root canal and the external environment 
(Torabinejad et al. 1993, Torabinejad et al. 1994, Shipper et al. 2004, Al-Hezaimi et al. 
2005a).  
MTA is a powder, which comprises of fine particles of tricalcium silicate, tricalcium 
aluminate, tricalcium oxide, silicate oxide and bismuth oxide, which has been added for 
radio-opacity, along with minor additives of other oxides to enhance its physical and 
chemical properties (Schwartz et al. 1999). According to United States patent for MTA 
(Torabinejad et al. 1998a), the principal component of MTA is Portland Cement. There 
are 2 kinds of MTA available: one is Gray MTA and the other is White MTA. The main 
difference between the two is the lack of the aluminoferrite phase in the White MTA, 
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which contributes to the gray color in gray MTA (Camilleri et al. 2005a). MTA is a 
hydrophilic material and sets in the presence of moisture in an approximate period of 3 
hours (Schwartz et al. 1999). 
MTA was shown to have superior sealing ability when compared to amalgam, zinc 
oxide eugenol (ZOE), IRM and super-EBA (Torabinejad et al. 1995e, Ford et al. 1996, 
Sluyk et al. 1998, Tang et al. 2002). MTA was also shown to be superior to calcium 
hydroxide when used as a pulp capping agent in both animals and humans (Torabinejad 
& Chivian 1999, Faraco & Holland 2001, Nakata et al. 1998, Aeinehchi et al. 2003) and 
demonstrated excellent biocompatibility when compared to amalgam, IRM and ZOE 
(Torabinejad & Chivian 1999, Mitchell et al. 1999, Zhu et al. 2000, Sousa et al. 2004). 
Cementum growth was also seen in dogs when MTA was used for perforation repair 
(Ford et al. 1995). In an in-vitro study, using human osteoblasts it was demonstrated that 
MTA induced the formation of cytokines and interleukin, which in turn stimulates 
osteoblast formation (Koh et al. 1998). In 2 studies conducted by Torabinejad et al. 
(1995d) and Al-Nazhan & Al-Judai (2003), it was seen that MTA had antimicrobial and 
antifungal properties similar to that of super-EBA and ZOE (Torabinejad et al. 1995d, 
Al-Nazhan & Al-Judai 2003). The cytotoxic properties of MTA were lower than that of 
IRM and super-EBA (Osorio et al. 1998, Keiser et al. 2000). 
The various applications of MTA include root-end filling, direct pulp capping, 
perforation repair and apexification (Schwartz et al. 1999). 
Despite the various advantages of MTA, it is a material, which is expensive and 
difficult to handle (Lee ES 2000). Targeting to counter the disadvantage of cost and 
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difficulty in manipulation, and to retain the existing advantages of MTA, Viscosity 
Enhanced Root Repair Material (VERRM) was developed at the National University of 
Singapore in 2003.  
VERRM differs from MTA in that it has a greater viscosity than MTA. VERRM is 
the subject of a patent application, which is owned by the National University of 
Singapore.  
Typically, any root-end filling material has to undergo both biological and physical 
properties tests before it can be used in humans (ISO 6876:2001, ISO: 7405- 1997). 
Biological tests predominantly include biocompatibility tests, whereas sealability test is 
an important part of the physical properties test.  
Biocompatibility means compatibility or harmony with living systems (Williams DF 
1998). According to Wataha JC (1996), biocompatibility is the “ability of a material to 
elicit an appropriate biological response in a given application in the body”. Hence, an 
understanding of the concepts of biocompatibility is necessary in developing biomaterials 
(Williams DF 1998). Since VERRM is a new material, there has been no 
biocompatibility tests conducted on it. In this work, we study the tissue reaction to 
implanted VERRM in comparison with MTA, which is described in Chapter 3. 
Sealing ability of a root-end filling material is usually carried out using dye, bacteria 
leakage and fluid filtration models. However, testing the bacterial leakage of a root-end 
material is more clinically relevant (Bae et al. 1998). Previous works (Chng et al. 2005) 
have tested the sealing ability of VERRM using only a dye leakage model. In this work, 
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we conduct sealing ability test of VERRM using a bacteria leakage model in comparison 
with MTA, which is described in Chapter 4. 
We believe that with better understanding, through biocompatibility and sealing ability 
tests, appropriate recommendations can be made for further development of VERRM for 
clinical use. Hence, the objectives of this research work can be summarized as below: 
• To determine the tissue reactions to VERRM in the mandible of guinea pigs 
and compare it to that produced by MTA.  
• To test the sealing ability of VERRM using a bacterial leakage model in 
comparison with MTA.
 2. Literature Review 
In this chapter, we will first describe Portland Cement (PC), since it is the basic 
ingredient for both MTA and VERRM. Thereafter, previous works, which focus on the 
physical and biological properties tests on MTA and VERRM, will be reviewed. 
2.1. Portland Cement 
Cements are adhesive materials, which are capable of bonding together fragments or 
particles of solid matter into a compact whole (Soroka I 1979) 
2.1.1. Definition  
According to Soroka I (1979), Portland Cement (PC) is defined as a material, which is 
obtained by intimately mixing together calcareous or other lime-bearing material with, if 
required, argillaceous and/or other silica, alumina, or iron oxide-bearing materials, 
burning them at a clinkering temperature and grinding the resulting clinker with the 
addition of gypsum to regulate the setting time of the cement. 
The main ingredients of PC are lime (CaO), silica (SiO2), alumina (Al2O3), and iron 
oxide (Fe2O3). The compounds present in PC are lime-tricalcium silicate, tricalcium 
aluminate, calcium silicate, alumina-tetracalcium aluminoferrite (Soroka I 1979). These 
oxides constitute around 90% of the cement and rest of the 10% is constituted by 
magnesia (MgO), alkali oxides (Na2O and K2O), titania (TiO2), phosphorous pentoxide 
(P2O5), and gypsum (Soroka I 1979). 
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PC is marketed in 2 forms: Ordinary Portland Cement and White Portland Cement. 
White Portland Cement differs from the gray form because of a reduction in the content 
of iron oxide (Bye GC 1999).  
There are five types of PC as classified by the American Society for Testing and 
Materials (ASTM Standard C150-04a. 2003). 
Type I - PC is known as common or general purpose cement.  
Type II – PC is intended to have moderate sulfate resistance with or without 
moderate heat of hydration.  
Type III – PC has relatively high early strength. 
Type IV – PC is known for its low heat of hydration.  
Type V – PC is used where sulfate resistance is important.  
Since the basic ingredient of VERRM is PC, the basic setting reaction would be the 
same. 
2.1.2. Setting reaction 
 When water is added to the cement, it results in the formation of a moldable mass, which 
later solidifies to a hard and non-workable mass referred to as the cement stone (Soroka I 
1979, Hewlett PC 1998). 
Chemically, the calcium silicate undergoes hydrolysis, which results in the formation 
of calcium hydroxide and calcium silicate hydrate and the release of heat. 
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• Reaction of tricalcium silicate: 
2(3CaO.SiO2) + 6H2O → 3CaO.2SiO2.3H2O + 3Ca (OH)2  + heat 
• Reaction of dicalcium silicate: 
2(2CaO.SiO2) + 4H2O → 3CaO.2SiO2.3H2O + Ca (OH)2  + heat 
• Reaction of tricalcium aluminate: 
3CaO.Al2O3 + 6H2O → 3CaO. Al2O3.6H2O + heat 
• Reaction of the ferrite: 
4CaO.Al2O3.Fe2O3 + CaSO4 .2H2O + Ca (OH)2  → 3CaO(Al2O3,Fe2O3).3 CaSO4.aq 
The production of calcium hydroxide (Ca (OH)2 ) is responsible for the high alkaline 
pH of the cement. 
2.2. Physical properties of MTA  
2.2.1. Composition 
MTA is a powder, which consists of fine hydrophilic particles of tricalcium silicate, 
tricalcium aluminate, tricalcium oxide, silicon oxide (Torabinejad & Chivian 1999, 
Schwartz et al. 1999, Torabinejad et al. 1995b, Camilleri et al. 2005a, Islam et al. 
2006b). When MTA is mixed with water, it becomes a colloidal gel (Schwartz et al. 
1999). Setting time of MTA is approximately 3-4 hours. During the initial stages the pH 
is 10.2 and later when the material has set, it becomes 12.5 (Torabinejad & Chivian 1999, 
Glickman & Koch 2000). The compressive strength of MTA is about 70 MPA 
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(Torabinejad & Chivian 1999, Torabinejad et al. 1995b). Camilleri et al. (2005a) showed 
through x-ray diffraction analysis, the components of MTA to be tricalcium silicates and 
aluminates with bismuth oxide. They also showed that the material was crystalline in 
structure. It was found that blood contamination affected the retention characteristics of 
MTA (Vanderweele et al. 2006). In a study conducted by Camilleri J (2007), it was seen 
that unreacted MTA was composed of impure tri-calcium and di-calcium silicate and 
bismuth oxide and traces of aluminate. Upon mixing with water, the white MTA 
produced a dense structure made up of calcium silicate hydrate, calcium hydroxide, 
monosulphate and ettringite as the main hydration products. Fridland and Rosado (2003) 
and (2005) found that MTA was capable of maintaining its high pH over a long duration 
of time and calcium was the main salt released when MTA was mixed with water. It was 
shown by Holland et al. (1999a), and Holland et al. (2001b), that the mode of action of 
MTA was similar to Calcium hydroxide. The basis for the biologic properties of MTA 
was due to the production of hydroxyapatite (Sarkar et al. 2005). 
2.2.2. Invitro leakage studies  
Torabinejad et al. (1993), (1994) and Aqrabawi J (2000), in a dye leakage study found 
that MTA showed significantly less dye leakage than amalgam and super-EBA. In a 
scanning electron microscopy study of marginal adaptation by Torabinejad et al. (1995g) 
and by Shipper et al. (2004), it was found that MTA displayed better sealing ability than 
amalgam, super-EBA and IRM. Al-Hezaimi et al. (2005b) found that MTA provided a 
better sealing ability against leakage of human saliva than vertically condensed gutta-
percha and sealer. In a study of leakage using endotoxin by Tang et al. (2002), it was 
found that MTA allowed less leakage than amalgam, super-EBA and IRM. Micro leakage 
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assessment of MTA using a fluid filtration system by Bates et al. (1996) and a fluid 
conduction system by Yatsushiro et al. (1998), showed MTA to be superior to amalgam, 
a cavity liner and super-EBA. Different kinds of bacteria have been used to test the 
sealing ability of MTA. Torabinejad et al. (1995f) used human teeth to demonstrate the 
sealing ability of amalgam, super-EBA, IRM and MTA. The teeth were prepared and 
root-ends were filled with the respective materials. The prepared root-ends were attached 
to the caps of 12 ml plastic vials and placed in phenol red broth. Bacterial leakage was 
indicated by a change in the color of the broth and the number of days required for 
Staphylococcus epidermidis to penetrate the root-end filling was studied. It was found 
that MTA did not leak throughout the experimental period of 90 days whereas samples 
with amalgam, super-EBA and IRM leaked at 6 to 57 days. Adamo et al. (1999) tested 
the resistance of MTA to bacterial leakage as compared to super-EBA, TPH composite 
resin with ProBond dentine bonding agent. The apical 3-4 mm of the roots were 
immersed in Brain Heart Infusion (BHI) Agar culture medium with phenol red indicator. 
Bacterial suspension of Streptococcus salivarius was placed in the coronal access and the 
culture media was observed for color change indicating bacterial contamination. It was 
found that there was no significant difference in the leakage behavior of all the 3 
materials. Fischer et al. (1998) determined the time needed for Serratia marcescens to 
penetrate a 3 mm thickness of amalgam, IRM, super-EBA and MTA. After the 
preparation of fifty-six, single rooted human teeth they were attached to sterilized plastic 
caps with the root-ends being placed in a phenol red broth. They recorded the number of 
days required for the bacteria to penetrate the root-end filling and contaminate the broth. 
They found that fillings with amalgam leaked as early as 10 to 63 days, fillings with IRM 
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began leaking after 28 to 91 days, super-EBA after 42 to 101 days. But MTA did not leak 
up to day 49. Hence, they concluded that MTA was the most effective in preventing 
bacterial leakage. Scheerer et al. (2001) used Prevotella nigrescens to demonstrate the 
sealing ability of geristore, super-EBA and MTA. Root canals of extracted human teeth 
were prepared. The root-ends resected and root-end cavities made with ultrasonic tips. 
The prepared root-ends were filled and attached to caps of plastic vials and the root-ends 
were placed in chopped meat carbohydrate broth and leakage observed. It was found that 
there was no significant difference in the ability of the three materials to prevent leakage. 
Nakata et al. (1998) evaluated the ability of MTA and amalgam to seal furcal 
perforations in extracted human molars using an anaerobic bacterial leakage model. 
Fusobacterium nucleatum was used in this study and it was concluded that MTA was 
significantly better than amalgam at preventing leakage. Mangin et al. (2003) using a 
double-chamber device with Enterococcus faecalis tested the sealing ability of 
hydroxyapatite cement, MTA and super-EBA. It was concluded that there was no 
significant difference in the sealing ability of the three materials. Roy et al. (2001) also 
observed that an acidic environment did not alter the sealing ability of MTA. Fogel and 
Peikoff (2001) observed that MTA was better than amalgam, IRM, a dentin-bonded resin 
and super-EBA in preventing microleakage. All these studies prove that MTA is 
equivalent or superior in its sealing ability compared to contemporary root-end filling 
materials.  
2.2.3. Antibacterial effects of MTA 
 In a study conducted by Torabinejad et al. (1995d) when the antibacterial effects of 
MTA was compared to amalgam, super-EBA and ZOE, it was found that MTA had some 
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antibacterial effect against some of the facultative anaerobes but no effect on the strict 
anaerobes. In a study conducted by Al-Hezaimi et al. (2006a), it was found that white 
MTA had less antibacterial action than gray MTA. 
2.2.4. Antifungal effect of MTA 
In a study conducted by Al-Nazhan and Al-Judai (2003) it was seen that MTA exhibited 
antifungal activity. In a study conducted by Al-Hezaimi et al. (2006b), it was also found 
that gray MTA had better antifungal activity than white MTA. Al-Hezaimi et al. (2005a) 
evaluated the antifungal action of white MTA on Candida albicans at different 
concentrations ranging from 0.78mg/ml to 50mg/ml of MTA. He found that white MTA 
exhibited antifungal activity only in concentrations of 50mg/ml of MTA and that lower 
concentrations of MTA did not provide antifungal action. 
2.3. Biological Properties of MTA 
In this section, the properties of MTA are considered with respect to biocompatibility and 
clinical applications. To test the suitability of a material for use as root-end filling 
material, before it can be used in humans, it has to undergo several tests such as 
cytotoxicity, physical and mechanical properties, sealing ability, in vivo testing through 
implantation in the bone and subcutaneous tissues (ISO 6876:2001, Seltzer S 1988, 
Murphy WM 1988). Since a root-end filling material is in close contact with the 
periradicular tissues, it has to be biocompatible (Torabinejad et al. 1995e). A material is 
said to be biocompatible if it is in harmony with its surrounding tissues (Williams DF 
1998). 
  Literature Review 
  14  
When a bio-material is implanted into a tissue (bone), there are several possible reactions 
in the body in response to the bio-material. These can be classified as toxic, 
inflammatory, allergic and mutagenic reactions (Wataha JC 1996). 
2.3.1. Components of biocompatibility 
a) Protein adsorption - This occurs as soon as the material comes in close 
contact with the body fluids. This process is important because the reaction of 
the host will be dictated by this initial reaction of the cells interacting with 
the material. 
b) Material degradation - A material for biological purposes will come into 
contact with liquids whose composition is complex, which results in the 
release of certain substances or compounds in the body. These compounds 
can either cause a favorable reaction or contribute to the failure of the 
biomaterial. Hence, it can be said that material degradation and host response 
is a two-way relationship.  
c) Local host response - The term biocompatible does not mean that the 
material has to be inert. If the implanted material does not cause any reaction 
at all then it would not be beneficial. Therefore, there should be an 
appropriate interaction between the material and the host. For example, when 
a surgical incision is made it is followed by acute inflammation and then 
tissue repair, which is desirable for proper healing of tissues. The host 
response will vary with different material and different hosts (Williams DF 
1998).  
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Tests used to measure biocompatibility include: 
• Invitro test- this is the first step in the screening of the material and is 
conducted outside an organism. 
• Animal test- this is where the material is placed in animals such as guinea 
pigs, rats, hamsters, or ferrets. 
• Usage test- this is conducted in humans or animals (ISO 10993-1: 2003). 
There are several tests, which are developed to standardize the tests for biocompatibility. 
These include ANSI/ADA Document No.41, ISO Standards (Wataha JC 1996). 
2.3.2. Clinical applications of MTA  
Torabinejad and Chivian (1999), described the various uses of MTA in vital pulp therapy, 
repair of root perforations, and as a root-end filling material. Schwartz et al. (1999) 
reported that MTA was successful in the treatment of cases such as vertical root fracture, 
apexification, perforation repair and repair of a resorptive defect. In a study conducted by 
Arens and Torabinejad (1996), MTA, when used as a furcation repair material in 2 
patients, was found to bring about complete resolution of the lesion. 
In a study conducted by Ferris and Baumgartner (2004), comparing two types of 
MTA it was found that there was no significant difference between the two in preventing 
leakage. MTA when used as a furcation repair material in dogs was better than amalgam 
in resolving and bringing about repair of the lesion (Ford et al. 1995). Daoudi and 
Saunders (2002) compared MTA and Vitrebond for the repair of furcations. They found 
that furcations repaired with MTA leaked less than those with Vitrebond. Hardy et al. 
  Literature Review 
  16  
(2004) found that MTA and One-Up Bond had similar sealing capabilities. Lee et al. 
(1993) determined that MTA had a better sealing ability than amalgam and IRM when 
used as a lateral furcation repair material. Weldon et al. (2002) observed that MTA and 
Super-EBA had no significant difference in sealing furcation defects. Main et al. (2004) 
in a long term study determined that MTA was effective in sealing the perforations as 
well as brought about an improved prognosis of the teeth. Holland et al. (2001c) 
compared the furcal perforation repair ability of MTA and Sealapex and found MTA to 
have a better sealing ability. 
 
2.3.3. Biocompatibility of MTA  
Biocompatibility of MTA has been tested on:  
• Cells - Different type of cells were used to test the biocompatibility of MTA 
and most of the investigators found that MTA was a biocompatible material. 
Thomson et al. (2003) observed that MTA encouraged the attachment of 
cementoblasts, as adhesion is the first step in encouraging the proliferation of 
cementoblasts. He also observed that MTA allowed for the expression of 
type-I collagen and increased the osteocalcin levels, which are essential in 
regeneration of bone and cementum. Koh et al. (1997) and (1998) found that 
MTA caused an increase in the level of interleukins and osteocalcin and also 
encouraged alkaline phosphatase activity. These are important factors in 
formation of bone. On the other hand, Mitchell et al. (1999) found that MTA 
did not cause increase in the level of interleukins. Keiser et al. (2000) and 
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Camilleri et al. (2005b) found that MTA encouraged cellular growth. Al-
Rabeah et al. (2006) found that both gray and white MTA encouraged the 
attachment of human osteoblast cells, which is an important factor in the 
healing of periradicular tissues. Pelliccioni et al. (2004) found that MTA 
displayed a good interaction with osteoblasts, which is thought to be 
responsible for its excellent biocompatibility. 
• Through intraosseous and subcutaneous implantations - Moretton et al. 
(2000) determined that subcutaneous implantation of MTA and 
ethoxybenzoic acid in rats, elicited a severe reaction, which decreased over 
time. Osteogenesis was not seen. However, with intraosseous implantation it 
was seen that the tissue reaction was not as severe as subcutaneous 
implantation and osteogenesis was observed, leading to the conclusion that 
both MTA and ethoxybenzoic acid were osteoconductive and not 
osteoinductive. In a study evaluating the histological response of rat 
connective tissue to MTA and amalgam by Yaltirik et al. (2004), it was seen 
that subcutaneous implantation of these two materials produced a necrosis 
and dystrophic calcification, which improved with time. Holland et al. 
(2001b) and (2002) showed that implantation of MTA in the rat connective 
tissue produced a bridge like structure adjacent to the material and a layer of 
tissue, which was birefringent to polarized light. Birefringence indicates the 
presence of a mineralized structure, which in the above study was thought to 
be calcite crystals. Hence, it was concluded that MTA encouraged the growth 
of hard tissue. Sousa et al. (2004) found that when ZOE, MTA and Z-100 
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light cured composite resin when implanted in the mandible of guinea pigs 
although initially caused a severe reaction in the tissues it gradually 
decreased over a period of 12 weeks. It was also observed that MTA and Z-
100 light cured composite resin caused a less toxic reaction. Torabinejad et 
al. (1995c) and (1998b) studied the biocompatibility of MTA, IRM, and 
super-EBA by implanting them in the mandible and tibia of guinea pigs. 
After anesthetizing the guinea pigs, tissue flaps were raised and bony cavities 
drilled in the mandible and tibia. The materials were implanted in these 
cavities using Teflon cups. The animals were euthanized after 80 days and 
the histological reactions were studied. It was found that MTA produced a 
favorable reaction because the implantation sites were free of inflammation 
compared to amalgam, super-EBA and IRM. It was also observed that MTA 
encouraged the growth of hard tissue in most of the specimens.  
• Study of periradicular reactions - MTA when used as a root-end filling 
material in dogs (Torabinejad et al. 1995a), showed less inflammation as 
compared to amalgam and also the presence of a fibrous capsule adjacent to 
MTA was noted. In another study conducted by Torabinejad et al. (1997), it 
was seen that in monkeys, MTA demonstrated less inflammation as 
compared to amalgam and also encouraged the growth of cementum. 
Shabahang and Torabinejad (2000) in a clinical study on patients showed that 
when MTA was placed as the root-end filling material, it resulted in apical 
hard tissue formation and periradicular healing. This was again confirmed in 
a study conducted by Regan et al. (2002) on the pulp of dogs. In another 
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study by Economides et al. (2003), on dogs, root-ends were filled with MTA 
or IRM after the removal of pulps. Histological assessment of the 
periradicular tissue showed that MTA encouraged the formation of new bone 
and healing of peri-radicular tissues whereas no hard tissue was seen over 
IRM. It was also found that the application of both fresh and set MTA as 
root-end fillings in dogs produced cementum deposition adjacent to the root-
end filling material (Apaydin et al. 2004). Baek et al. (2005), in a study 
comparing the tissue responses of amalgam, super-EBA and MTA as root-
end filling materials in dogs, showed that MTA had the most favorable 
response as compared to amalgam and super-EBA, since it caused the 
regeneration of cementum.  
• Study of pulpal reactions- When MTA was used as a pulp capping material in 
monkeys it showed good healing and formation of a bridge like structure 
(Ford et al. 1996). Tziafas et al. (2002) mechanically exposed the pulps in 
dogs’ teeth and treated the exposure with MTA. They found that MTA 
brought about the healing of the pulp and also that MTA encouraged the 
deposition of hard tissue. When MTA was used as a pulp capping material in 
dogs’ teeth, it was seen that MTA promoted the healing of the pulp by the 
formation of a hard tissue barrier (Faraco & Holland 2004). Dominguez et al. 
(2003) after performing pulp capping and pulpotomy procedures in mongrel 
dogs found that MTA was better than calcium hydroxide or acid-etched 
dentin bonding in preserving the vitality of the pulp. 
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2.4. Comparison of White and Gray MTA 
Gray MTA was introduced first and most of the studies were conducted on gray MTA. 
White MTA was introduced only recently. Studies conducted by Holland et al. (1999a), 
(1999b), (2001a), (2001c), (2001b) and (2002), showed that both forms of MTA were 
biocompatible. However, conflicting results were observed by Perez et al. (2003) who 
showed that gray MTA was more biocompatible than white MTA. But Camilleri et al. 
(2004) observed that both forms of MTA behaved in a similar fashion. The important 
difference between white and gray MTA was seen to be in the concenteration of 
carborundum, periclase and ferric oxide (Asgary et al. 2005). Hamad et al. (2006) found 
that there was no significant difference between white and gray MTA when used as a 
furcation perforation repair material. Oviir et al. (2006), in a cell culture study where the 
cells were placed in direct contact with either white or gray MTA, reported that white 
MTA encouraged better growth of oral keratinocytes and cementoblasts than gray MTA. 
In a pulp capping experiment on dogs (Parirokh et al. 2005), both types of MTA showed 
a similar healing response. Ribeiro et al. (2006) studied genotoxicity of white and gray 
MTA using a single–cell gel (comet) assay and trypan blue exclusion test using Chinese 
hamster ovary cells and concluded that both forms of MTA are not genotoxic. 
2.5. Comparison between MTA and Portland Cement  
Portland Cement (PC) was found to have the potential to be used as a root-end filling 
material in a study conducted by Estrela et al. (2000). Later it was found that MTA and 
PC had similar components except for the presence of bismuth oxide in MTA (Funteas et 
al. 2003). In another study of MTA and PC, it was found that PC had a higher level of 
gypsum and toxic substances (Al-Nazhan & Al-Judai 2003). Dammaschke et al. (2005) 
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showed that MTA and PC had similar physical, chemical and biological properties. 
Danesh et al. (2006) found that the physical properties (solubility, microhardness and 
radiopacity) of MTA were better than PC. Since the basic ingredients of MTA and PC are 
the same, it was postulated that both these materials would elicit similar tissue reactions 
(Camilleri et al. 2005a). Both PC and MTA were shown to be biocompatible (Holland et 
al. 1999a). PC was shown to be biocompatible when tested using a cell culture study 
(Abdullah et al. 2002). Implantation of MTA and PC in the rat connective tissue and 
mandible of guinea pigs produced a biocompatible reaction (Holland et al. 2001a, Saidon 
et al. 2003). Menezes et al. (2004) showed that both MTA and PC encouraged the 
regeneration of the pulpal tissues after pulpotomies in dogs. Islam et al. (2006) found that 
the properties of both MTA and PC were similar except that PC had lower radiopacity 
than MTA. Razmi et al. (2004) showed that both MTA and PC elicited similar reactions 
i.e. encouraged bone growth, when implanted in the mandible of cats. Ribeiro et al. 
(2005) showed that both MTA and PC were not cytotoxic. The properties of PC can be 
altered by the addition of various additives to modify its properties, which resulted in the 
development of MTA in 1993 by Torabinejad et al. All these studies have shown that 
MTA is a biocompatible material and that PC has the potential to be developed into a 
root-end filling material. 
In contrast to the detailed testing of MTA, VERRM, a newly developed material, which 
consists of PC, bismuth oxide and a viscosity enhancer, has undergone tests only to 
evaluate its physical properties (pH, setting time, compressive strength, sealing ability etc 
Chng et al. 2005)). Considering that VERRM is a new material, this work would be a 
further step into the evaluation of VERRM. Previous work (Chng et al. 2005) has 
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demonstrated that VERRM has properties similar to that of MTA. However, it has better 
handling characteristic than MTA, because of the enhanced viscosity. Although VERRM 
was found to fulfill the requirements for use as a root-end filling material based on the 
ISO: 6876- 2001, it has to undergo biocompatibility testing before it can be used in 
humans. In the succeeding chapters, we will describe the tissue reaction to VERRM, 
followed by sealing ability test with a bacteria leakage model.  As per the requirements 
set in ISO: 7405- 1997, intraosseous implantation test was deemed as the appropriate 
testing method to determine VERRM’s biocompatibility. 
 3. Tissue Reaction to Implanted Viscosity Enhanced 
Root Repair Material 
 
3.1. Aim of this study  
The purpose of this study is to evaluate the tissue reaction to Viscosity Enhanced Root 
Repair Material (VERRM) in the mandible of guinea pigs using histomorphological 
studies and to compare the reaction to that of ProRoot MTA (tooth colored formula). 
3.2. Materials and Methods  
The experimental protocol was approved by the Institutional Animal Care & Use 
Committee, Office of Life Sciences, National University of Singapore. Guidelines set in 
ISO 10993-2:2006, for the care and use of laboratory animals have been observed. 
Fifteen male guinea pigs, each weighing approximately 700g were used in this 
experiment. Each animal was anaesthetized by an intraperitoneal injection of ketamine 
hydrochloride (0.1ml/100g body weight) and xylazine (0.01ml/100g). They were divided 
into 3 groups of 5 animals each: Group A received VERRM, Group B received empty 
Teflon cups, which served as controls and Group C received ProRoot MTA (tooth 
colored formula referred to as MTA henceforth). Teflon is a biocompatible polymer and, 
as a solid, causes no tissue reaction.  Additionally, the connective tissue response along 
the lateral wall of the Teflon cup served as negative control. The Teflon cups were 
cylindrical in shape; measured 2mm long and had an inner diameter of 1.3mm and outer 
diameter of 2mm and having an opening at one end where the experimental material was 
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inserted. Each animal received one implant in the mandible. Implantation in the mandible 
was carried out according to a technique described by Spanberg (1969). 
The guinea pigs were shaved in the submandibular region, and the skin was 
disinfected with 5% tincture of iodine. The distal ventral symphyseal region of the 
mandible was exposed, using an extra oral incision, in the midline, under sterile aseptic 
conditions. The mandibular bone on one side of the symphysis was exposed after careful 
dissection of the superficial soft tissues and a cylindrical hole was prepared to a diameter 
of approximately 2mm and depth of 2mm with burs under constant sterile saline 
irrigation. The materials were freshly prepared according to the manufacturer’s 
instruction and were packed into pre-sterilized cylindrical Teflon cups made of clear 
unfilled polytetraflouroethylene. The bony cavities were flushed with sterile saline. 
Following, which the Teflon cups were inserted into the prepared bony cavity in such a 
way that the open end of the cup was facing the bone tissue and the materials, were in 
contact with bone. After ensuring that the cups were firmly in place, the soft tissues were 
replaced and the muscle and skin were sutured separately with 3-0-vicryl suture. 
Post surgically, all the animals received a daily subcutaneous injection of 0.1ml 
Cephalexin for 5 days and subcutaneous injection of 0.1ml Temgesic for 5 days to 
prevent infection and to control pain. 
The animals were euthanized after a period of 80 days by an overdose of barbiturate. 
The mandibles were dissected free of the soft tissues and immersed in 10% buffered 
formalin solution for fixation and the specimens were prepared for histological 
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examination. In the remaining part of this section, we describe the histological processing 
of specimens. 
In an effort to preserve the integrity of the tissues, we chose to use the Exakt System for 
the histological processing of the samples (Yuehuei & Kylie 2003). The steps involved in 
this method of processing are:  
1. Fixation of the sample - “Fixation is the chemical or physical process that allows 
tissue sections to be viewed in close approximation to the living tissue”. 10% 
neutral buffered formalin was used as the fixative. A fixative helps in stopping the 
autolysis of the tissue thus protecting it from damage, excessive shrinkage and 
swelling. 
2. Dehydration – This is done in order to remove the water content of the specimen, 
so that the resins can penetrate completely into the tissues. The dehydration 
process is important since the resins used are immiscible with water. The process 
is carried out by placing the sample in increasing grades of alcohol. The time 
required for the processing depends on the size of the specimen. 
3. Resin infiltration - There are different kinds of resins available for infiltration. We 
used Technovit 7200 VLC for the infiltration process. This process involves 
placement of the resin in a mixture of infiltration media and alcohol and is 
completed by placing the specimen in a solution, which is pure 100% infiltration 
media. The time required for infiltration depends on the size of the sample. 
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4. Embedding - After infiltration is completed, the sample is placed in a mould 
specifically designed for the purpose. Embedding media is poured into it 
(embedding media is also a resin, Technovit 4000). Polymerization of the resin is 
carried out using light source after which a block is obtained containing the 
sample. 
5. Sectioning – This was carried out using Exakt diamond blade. The approximate 
thickness of the specimens was 70-90 microns. 
6. Staining - The techniques recommended for plastic embedded samples was done. 
The stains employed were Toluidine blue, Haematoxylin & Eosin and Vonkossa 
counterstained with Van Gieson1. The slides were viewed under a light 
microscope, and the tissues surrounding the implant were evaluated. Some of the 
samples were subjected to examination under polarized light (BXP, OlmpusR, 
Tokyo, Japan) to detect birefringence, which is an indicator of the presence of 
calcified tissue. 
3.3.  Results  
All the animals showed good tolerance to the surgery. The surgical sites healed with 
no signs of infection. 
The implant in one of the animals was displaced, hence was excluded from the study, 
and one of the animals died due to anesthetic complications, leaving 13 animals for 
evaluation. The control Group B, which had empty Teflon cups inserted in the bone, was 
separated from the bone by a thin connective tissue and no inflammation was seen, as 
                                                 
1 Please refer to Appendix for more details on staining protocols. 
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shown in Figures 9 - 15. The lateral walls of the Teflon cups, which served as negative 
control, did not show any inflammatory reaction in the connective tissue. In groups A and 
C, the histological findings were similar. There was no inflammation present in the 
tissues adjacent to the materials. Presence of either Osteoid-like tissue or a thick fibrous 
connective tissue was noted adjacent to the implanted material in both groups A and C, as 
seen in Figures 1 - 8, and 16 – 22. 
Under polarized light, an irregular birefringent area was seen adjacent to the 
implanted materials in Groups A and C but was absent in Group B as seen in Figures 23 - 
36. In the following figures (1-36), we use Gp-A, Gp-B, Gp-C to indicate groups A, B 
and C, respectively. 
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Figure 1- H &E, Magnification-5x, Gp A. Shows the lateral wall 
of the Teflon cup (T) surrounded by a thin layer of fibrous 








Figure 2 - H & E, Magnification 40x, showing the Teflon cup (T), 
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Figure 3 - Toluidine blue. Magnification - 5x, Gp A. Deposition of 







Figure 4 - Toluidine blue. Magnification - 40x, Gp A. Higher 
magnification of the area in the dash-box (Figure - 3), showing osteoid-
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Figure 5 - Toluidine blue. Magnification - 40x, Gp A. Higher 
magnification of the area in the solid-box (figure – 3) showing osteoid-







Figure 6 - VK with VG. Magnification - 5x, Gp A. Osteoid-like tissue 
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Figure 7 - VK with VG. Magnification - 40x, Gp A. Higher 
magnification of the area in the dash-box (Figure – 6) showing osteoid-







Figure 8 - VK with VG. Magnification - 40x, Gp A. Higher 
magnification of the area in the solid-box (Figure – 6) showing osteoid-
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Figure 9 - H & E. Magnification - 5x, Gp B. Normal healing of bone 
(B) with a thin layer of connective tissue (C) free of inflammation 







Figure 10 - H & E. Magnification - 40x, Gp B. Higher 
magnification of the area in the dash-box (Figure- 9) showing the 
lateral wall of the Teflon cup (T) and a thin layer of fibrous 
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Figure 11 - H & E. Magnification - 40x, Gp B. Higher 
magnification of the area in the solid-box (Figure- 9) showing bone 







Figure 12 - Toluidine blue. Magnification - 5x, Gp B. Normal 
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Figure 13 - Toluidine blue. Magnification - 40x, Gp B. Higher 
magnification of the area in the solid-box (Figure- 12) showing the 







Figure 14 - VK with VG. Magnification - 5x, Gp B. Normal healing 
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Figure 15 - VK with VG. Magnification - 40x, Gp B. Higher 
magnification of the area in the solid-box (Figure – 14) showing the 







Figure 16 - H & E. Magnification - 5x, Gp C. A thin layer of fibrous 
connective tissue (C) free of inflammation, next to MTA (M) 
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Figure 17 - H & E. Magnification 40x, Gp C. Higher magnification 
of the area in the solid box (Figure – 16) showing osteoid-like tissue 







Figure 18 - Toluidine blue. Magnification - 40x, Gp C. Osteoid-like 
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Figure 19 - Toluidine blue. Magnification - 40x, Gp C. Higher 
magnification of the area in the solid-box (Figure – 18) showing osteoid-







Figure 20 - VK with VG. Magnification - 5x, Gp C. Osteoid-like tissue 




                             Tissue Reaction to Implanted Viscosity Enhanced Root Repair Material 
  38  
 
 
Figure 21 - VK with VG. Magnification - 40x, Gp C. Higher 
magnification of the area in the dash-box (Figure – 20) showing osteoid-







Figure 22 - VK with VG. Magnification - 40x, Gp C. Higher 
magnification of the area in the solid-box (Figure – 20) showing osteoid-
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Figure 23 - Gp A. Magnification - 2x. Shows the Teflon cup (T) 








Figure 24 - Gp A. Magnification - 4x. Higher magnification of the area 
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Figure 25 - Gp A. Magnification - 2x. Shows the Teflon cup (T) 








Figure 26 - Gp A. Magnification - 4x. Higher magnification of the area 
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Figure 27 - Gp A. Magnification- 2x. Shows the Teflon cup (T) 









Figure 28 - Gp A. Magnification - 4x. Higher magnification of the area 
in the dash-box (Figure – 27). Birefringence indicated by arrow. 
V T
B 
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Figure 29 - Gp B. Magnification - 2x. Absence of birefringence around 







Figure 30 - Gp B. Magnification - 4x. Higher magnification of the area 
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Figure 31 - Gp B. Magnification - 2x. Absence of birefringence around 







Figure 32 - Gp B. Magnification - 4x. Higher magnification of the area 
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Figure 33 - Gp C. Magnification - 2x. Shows the Teflon cup (T) 
containing MTA (M) implanted in bone (B). Birefringence next to MTA 







Figure 34 - Gp C. Magnification - 4x. Higher magnification of the area 




                             Tissue Reaction to Implanted Viscosity Enhanced Root Repair Material 
  45  
 
 
Figure 35 - Gp C. Magnification - 2x. Shows the Teflon cup (T) 
containing MTA (M) implanted in bone (B). Birefringence next to MTA 







Figure 36 - Gp C. Magnification - 4x. Higher magnification of 
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3.4.  Discussion 
The International standards for secondary biological testing of dental materials requires 
that bone implantations are made in the mandibles or femurs of guinea pigs, rabbits or 
dogs (ISO 10993-6: 1994(E)).  
According to Watts and Paterson (1992), the main advantage of the implantation test 
is that any potential inflammatory and immunological response to the material in question 
may be observed since the cell culture tests do not reverberate the reactions seen in living 
tissues (Tassery et al. 1999). 
In our experiment, the mandible was chosen because the materials tested are root-end 
filling materials. Since these materials will be in contact with the periradicular tissues, it 
is better to have an implantation site similar to the one, which will be used clinically 
because different implantation sites might react differently (Tassery et al. 1997 & 1999). 
Earlier investigators have shown that implantation in the mandible can be difficult (Olsen 
et al. 1994, Olsson et al. 1981), since the material has to be implanted into a narrow 
space between the apex of the incisors and molars and also there might be the tilting of 
the implant. Hence, implantation in the long bones such as femur or tibia has been 
suggested but the reactions in the mandible and these long bones might be different. 
Teflon cups were selected for several reasons. First, it allows the material to have a 
small identifiable contact with bone. Secondly, material loss through dissolution or 
fragmentation is easy to observe. Thirdly, the material is of a size that provided a good 
model that simulated the root end cavity. The exterior surface of Teflon serves as a good 
inert negative control for each implant and facilitates the evaluation of various 
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inflammatory reactions. Teflon is non wettable, hence it prevents the attachment of 
proteins, which would attract macrophages which in turn could have caused an 
inflammatory reaction (Pissiotis & Spangberg 2000). This was confirmed in our study by 
an absence of inflammation along the lateral sides of the Teflon cups. Another advantage 
of using a carrier to place the material in the bone is that it simulates clinical situation, 
where the material is placed in the root-end and there is a slow diffusion of the material 
into the periradicular tissues over a period of time (Friend & Browne 1968). These 
advantages improve our understanding of the biocompatibility of the material compared 
with just implanting the material directly in the tissue. 
The findings on biocompatibility of MTA in the current study corroborates with 
previous studies (Torabinejad et al. 1995e, 1995c, & 1998b, Holland et al. 1999a, & 
2002). In addition, we found VERRM to be biocompatible, since none of the animals 
implanted with this material showed any untoward reaction and also histologically there 
was an absence of inflammation in the tissues. The biocompatibility of VERRM was 
similar to MTA. 
Birefringence indicates the presence of a calcified structure. The birefringence that 
was seen in our study is similar to that observed in previous studies on MTA by Holland 
et al. (2002), (1999a) and (2001b). This birefringence is due to the formation of calcite 
crystals. MTA although does not contain calcium hydroxide, is mainly made of 
tricalcium silicates, aluminates and silicon dioxide (Torabinejad et al. 1995b). When 
these undergo hydration, it results in the formation of calcium hydroxide, which is 
responsible for the formation of the birefringent layer (Holland et al. 1999a, 2001b & 
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2002). Since the basic ingredient of both MTA and VERRM is PC, it explains the 
observation that both MTA and VERRM exhibited the same birefringence. 
In previous studies (Holland et al. 1999a, 2001b & 2002), the materials were 
implanted in the connective tissue, but in our study, the material was implanted in bone 
and this could be a potential confounding factor in this experiment. Analyzing the 
structure of this birefringent area could rule out the confounding factor but this was 
beyond the scope of this study. Although collagen and bone both exhibit birefringence, 
they differ in that bone has osteocytes, which can be seen in slides stained with H & E as 
seen in figures-2, 9, 10, 11. 
3.5. Conclusions  
The results of this study showed that VERRM is a biocompatible material when 
implanted into the mandible of guinea pigs. It was also seen that this material behaves in 
a similar manner to MTA and has the potential to be used as a root-end filling material. 
Further studies need to be conducted in order to determine its suitability for use as a root- 
end filling material. 
 
 4. Comparison of the Root-End sealing ability of Mineral 
Trioxide Aggregate (MTA) and Viscosity Enhanced 
Root Repair Material (VERRM) 
 
4.1.  Introduction  
The purpose of placing a root end filling material is to provide an apical seal, which 
inhibits the leakage of irritants from the root canal system into the periradicular tissues 
(Lee et al. 1993). Micro leakage is defined as the passage of bacteria, fluids, amd 
chemical substances between the root structure and the filling material (Yaccino et al. 
1999). 
An ideal root-end filling material should: 
• provide a good three-dimensional seal,  
• adhere to the preparation walls,  
• be dimensionally stable and non absorbable, 
• not be affected by moisture,  
• not corrode,  
• not stain the periradicular tissues,  
• be radiopaque and easy to manipulate,  
• be biocompatible with the periradicular tissues, and  
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• promote healing of the periradicular tissues (Torabinejad et al. 1995c). 
Numerous materials have been used as root-end fillings. These include amalgam, 
gutta-percha, zinc-oxide eugenol cements, cavit, composite resin, gold foil, glass 
ionomers, Super-EBA, Intermediate Restorative Material (IRM), and Mineral Trioxide 
Aggregate (MTA). Most of the endodontic failures that occur are due to the presence of 
antigens in uncleaned and unobturated root canals. Therefore, a root-end filling material 
should prevent the egress of antigens from the root canal system into the periradicular 
tissues (Torabinejad et al. 1995f).  
Various methods have been used to evaluate the seal of root end filling materials. 
These include bacterial penetration tests, radioisotope methods, dye and fluid penetration 
methods and scanning electron microscopy (Torabinejad & Pittford 1996). In in-vitro 
tests (bacterial penetration, dye and fluid penetration) that have been performed, the 
tracers most often used are dyes, radioisotopes, bacteria or bacterial byproducts. But 
these dye molecules, such as methylene blue, are much smaller than the bacteria and most 
bacterial byproducts. Hence, they do not simulate the type of microbial leakage that may 
occur clinically (Bae et al. 1998). Most of the dye leakage tests have measured the degree 
of leakage in one plane, making it impossible to evaluate the total leakage. These studies 
also are static and do not reflect the dynamic interaction between the root canals and 
periradicular tissues (Torabinejad et al. 1995f). Hence, the detection of bacteria or 
bacterial byproducts is a more clinically relevant demonstration of microleakage 
associated with a root canal system (Bae et al. 1998). 
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MTA was developed at Loma Linda University for the purpose of sealing the 
communication between the tooth and the external surface (Lee et al. 1993). MTA 
consists of fine hydrophilic particles of tricalcium silicate, tricalcium aluminate, 
tricalcium oxide, silicate oxide and bismuth oxide (Torabinejad et al. 1995b). There are 
two kinds of MTA available: ProRoot MTA (GMTA), a gray colored formula and 
ProRoot MTA (WMTA), a tooth colored formula.  
Various experiments were performed on MTA in order to determine its properties 
and suitability for use as a root-end filling material. The sealing ability of MTA was 
found to be superior to amalgam, zinc-oxide eugenol and zinc-oxide eugenol based 
cements when tested with dye (Lee et al. 1993, Aqrabawi J 2000, Torabinejad et al. 1993 
& 1994), bacteria (Torabinejad et al. 1995f, Nakata et al. 1998, Fischer et al. 1998) and a 
fluid filtration technique (Bates et al. 1996). MTA has also been investigated for its other 
properties including cytotoxicity (Torabinejad et al. 1995e), tissue reactions when 
implanted in bone and connective tissue (Torabinejad et al. 1995c & 1998b, Holland R 
1999a & 2002), periradicular tissue response in monkeys and dogs (Torabinejad et al. 
1997 & 1995a), antibacterial (Torabinejad et al. 1995d), mutagenicity (Kettering & 
Torabinejad 1995), and neurotoxicity (Asrari & Lobner 2003). The results of these tests 
show that MTA was biocompatible and suitable for use as a root-end filling material. 
MTA has been used as a pulp capping material in dogs, where it was seen that MTA 
produced a dentin bridge and a resolution of the pulpal inflammation (Faraco & Holland 
2001). A long term clinical study conducted on humans to determine the ability of MTA 
to heal root perforations has shown that MTA induced the resolution of the lesion (Main 
et al. 2004). MTA has been used to treat cases of vertical root fracture, apexification, 
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perforations and resorptive defects. In all these cases, MTA facilitated bone healing and 
elimination of clinical symptoms (Schwartz et al. 1999).  
Viscosity Enhanced Root Repair Material (VERRM) was developed at the National 
University of Singapore in 2003. VERRM has a similar chemical composition to ProRoot 
MTA (tooth colored formula) except that viscosity enhancer has been added to improve 
its handling characteristics. VERRM is the subject of a patent application, which is 
owned by the National University of Singapore. Several experiments have been 
conducted in order to determine the physical properties, the cytotoxic properties and the 
sealing ability of VERRM (Chng et al. 2005). These experiments have demonstrated that 
VERRM has properties similar to that of ProRoot MTA. It has better handling 
characteristic than ProRoot MTA, because of the enhanced viscosity. However, the 
sealing ability of this material has been demonstrated only with a dye leakage model. A 
comparison of the sealing ability of Viscosity Enhanced Root Repair Material using a 
bacterial leakage model may help us to further understand the sealing ability of this 
material. 
4.2.  Aim of this study  
The purpose of this experiment was to determine the bacterial leakage of Viscosity 
Enhanced Root Repair Material and to compare it to the bacterial leakage of ProRoot 
MTA (tooth colored formula) using a bacterial leakage model. 
4.3.  Materials and Methods  
In order to test the bacterial leakage of MTA and VERRM, an in-vitro model based on 
what was described by Torabinejad et al. (1995f) was used in this experiment.  
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The distribution of samples of experimental and control groups is depicted in figure 
37. 44 extracted human teeth were used in this study. For standardization, teeth with 
single root canals were selected. The presence of the single canals was confirmed using 
radiographs. The teeth were then carefully inspected for the presence of cracks, 
restorations and caries and such teeth were discarded. The selected teeth were stored in 
0.2% thymol solution to prevent the growth of bacteria. The teeth were debrided of any 
soft tissue using hand scaling instruments. Access cavity preparation was done using a 
diamond bur and high speed hand piece. The coronal access cavity was enlarged with 
Gates Glidden burs from #2 to #5. Pulp tissue if present was extirpated using barbed 
broaches. The working length was determined by placing a # 10 K File in the canal until 
it could be seen at the apical foramen and then subtracting 1mm. The root canals were 
then prepared using the step back technique along with 5.25% sodium hypochlorite as the 
irrigant. After the preparation of the root canal was completed, all the canals were 
cleaned by flushing with distilled water and then dried using sterile paper points. 
The apical 3mm of the root ends were resected perpendicular to the long axis of the 
tooth using a diamond bur and high speed handpiece with copious amount of water spray. 
Root- end preparations were made to a depth of 3mm using ultrasonic tips (Satelec P5; 
Dentsply,Tulsa Dental) along with water as the coolant. The depth of the root-end cavity 
was confirmed using a periodontal probe. 
36 teeth were randomly divided into 2 groups of 18 each:   
• Group 1 received VERRM as root-end filling, and  
• Group 2 received ProRoot MTA (Tooth Colored Formula).  
  53  
Comparison of the Root-End sealing ability of Mineral Trioxide Aggregate (MTA) and 
Viscosity Enhanced Root Repair Material (VERRM) 
The root-end filling materials were mixed according to manufacturer’s instructions 
and placed in the prepared root-end cavity. Files with its ends flattened were placed in the 
root canal so that the root-end filling material could be compacted against it. All the 
procedures were carried out in a fume hood to maintain sterility. After root-end filling 
was completed, all the root-ends were covered with a piece of moist sterile gauze and 
placed in an incubator at 37 degrees Celsius and 100% humidity to allow the material to 
set. After the root-end filling had set, the file was removed. The samples were divided in 
such a way that 16 of the 18 teeth in each group were filled with bacteria in the root canal 
and the remaining 2 teeth were filled with saline.  
An additional 8 teeth were used as controls and divided into two groups of 4 each. Of 
the 8 control teeth: 
• 4 root-end cavities were filled with gutta-percha through vertical compaction 
(+ control), and  
• The other 4 were filled with sticky wax and the root surface completely 
covered with two layers of nail polish (- control).  
To prevent bacterial leakage through the root surfaces, two layers of nail polish was 
applied to the external surfaces of all the roots, excluding the resected root-end surface 
with the root-end filling material, which was not covered with varnish. The exception 
was the negative control group, which was completely covered with nail varnish. 
To test the sterility of the apparatus set-up, the root canals of 2 teeth with the root-
end filling and 1 tooth each from the positive and negative control group were filled with 
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sterile saline. The rest of the root canals (38 samples) were filled with trypticase soy 
broth contaminated with Enterococcus faecalis (E. faecalis). 
4.3.1.  Apparatus Set-Up   
2ml graduated micro centrifuge tubes with snap-on lids were used to suspend the 
prepared teeth in tryptic soy broth. A hole was made through the centre of every cap. 
Each prepared tooth was placed into the fabricated hole in the cap, up to its 
cementoenamel junction, and secured to the cap. Then, this apparatus was sterilized in an 
autoclave. Tryptic soy broth was placed in each vial to a level of 2-3mm above the 
resected root end. Then tryptic soy broth contaminated with E. faecalis or saline was 
introduced into the root canals. 
4.3.2.  Bacterial preparation  
Using a sterile micropipette, an overnight culture containing E. faecalis in 0.1ml of 
tryptic soy broth was placed into the root canal of each tooth via the coronal access cavity 
preparation. The whole apparatus was then placed in an incubator at 37 degrees Celsius 
and 100% humidity. Penetration of E. faecalis from the root canals into the tryptic soy 
broth would result in turbidity of the broth. Fresh overnight culture was added to the root 
canals every other day, after aspiration of the old culture. Once the bacterial culture was 
replenished the old culture was plated to confirm the continued viability of the 
microorganisms. The samples were monitored daily until the tryptic soy broth turned 
turbid. The experimental period was 90 days. 
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Figure 37 - Distribution of samples of experimental and control groups. 
 
EF -           Enterococcus faecalis 
GP-            Gutta- Percha 
VERRM-   Viscosity Enhanced Root Repair Material  
WMTA -    White Mineral Trioxide Aggregate 
4.4.  Results 
Week 1: All the teeth in the positive control group leaked within the first week. One 
of the samples out of 16 samples (6.25%) in Group 2 (ProRoot MTA) leaked on the 4th 
day. None of the negative controls leaked. 
Week 2: One sample out of the 16 samples (6.25%) in Group 1 (VERRM) leaked on 
the 10th day. None of the negative controls leaked 
Week 3: One sample, each in Group 1 and Group 2 leaked on the 15th and 18th day 
respectively. There was no leakage in the negative control group. 
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After this up to a period of 12 weeks, there was no leakage in any of the samples. 
The analysis of data using Fisher’s exact test showed no statistically significant 
difference in the amount of leakage between MTA and VERRM. 
4.5.  Discussion  
The purpose of endodontic leakage studies is to determine the marginal adaptation of the 
root-end filling materials to the apical or canal wall (Pichardo et al. 2006). The most 
common methods used to determine the sealing ability of a root-end filling material 
include dye leakage, radio-isotope or bacterial penetration, electrochemical methods and 
fluid filtration techniques (Torabinejad & Pittford 1996).  
The prevention of bacterial leakage and quality of the apical seal is an important 
factor in the healing of the pulpal and periradicular tissues (Kakehashi et al. 1965) and is 
therefore an important factor in the assessment of the suitability of a material for use as 
root end filling material (Yaccino et al. 1999). A good root-end filling material should 
have good sealing ability to prevent the egress of bacteria and bacterial products into the 
periradicular tissues. Several materials have been used as root-end filling materials but 
none of them have all the properties desirable of an ideal root-end filling material 
(Johnson BR 1999).  
Based on various studies conducted on MTA, it seems to fulfill most of the 
requirements of an ideal root-end filling material. However, in spite of all the advantages 
of MTA, it is expensive, difficult to handle and has a long setting time. This led to the 
development of VERRM, which has the properties of MTA but an increased viscosity 
(Chng et al. 2005). Since the basic ingredient of VERRM is PC and studies have proven 
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PC to have physical and biocompatibility properties comparable to MTA (Estrela et al. 
2000, Dammaschke et al. 2005, Funteas et al. 2003, Holland et al. 1999a), VERRM with 
better handling characteristics, may provide an alternative to MTA, in clinical situations 
where placement of the root-end filling material is difficult. 
The results of this study are consistent with that reported in studies, which reported 
that MTA was successful in preventing leakage (Torabinejad et al. 1994 & 1995f, Nakata 
et al. 1998, Maltezos et al. 2006). This current study also found that there was no 
significant difference in the prevention of micro leakage between MTA and VERRM. 
The results of this experiment show that VERRM has the potential to be used as a root-
end filling material, because it provided an impervious seal against egress of bacteria. 
However, further tests need to be conducted in order to ascertain the suitability of 
VERRM for clinical use.  
Ultrasonic root-end preparation was used in this experiment because of its various 
advantages such as ease of handling, better access, less chance of perforations, 
predictable preparation along the long axis of the tooth and also conservative preparations 
(Chong et al. 2003, Zuolo et al. 2000, Kim S 2002, Carr GB 1997). Disadvantage of burs 
are that there are chances of perforating the wall of the preparation, ineffective 
debridement, which can lead to the failure of the root-end filling (Kim S 2002). Three 
millimeters of the root-end was resected at a 0° bevel since by doing that, the lateral 
canals that may be present are reduced by 93% (Kim S 2002). A 0° bevel angle strikes 
down most of the anatomic irregularities, which may be a potential cause of failure of the 
root-end filling. Depth of 3mm in a root-end cavity is essential in ensuring sufficient 
periapical seal (Kim S 2002). Only one species of bacteria was used in this study for the 
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ease in conducting the experiment (Torabinejad et al. 1995f). Enterococcus faecalis was 
the bacteria used in this study because it is one of the most frequently found bacteria in 
the apical regions of the teeth (Baumgartner & Falkler 1991, Baumgartner JC 1996), 
which are known to cause endodontic failures (Love RM 2001). 
MTA is a hydrophilic material and hence absorbs water during the setting process 
which results in the expansion of the material. This might be the reason for MTA in 
providing an excellent periapical seal (Shipper et al. 2004). In previous work by Chng et 
al. (2005), it was seen that VERRM showed slight expansion on setting, which is 
responsible for the sealing ability of the material. Both MTA and VERRM have the same 
basic ingredient. This explains the similar results obtained with both the materials. 
Although this study is more clinically significant than a dye leakage study, it has 
some limitations as only one species of bacteria was used. In a clinical situation, there is a 
mixture of microbial flora. In addition, the presence of blood, pus and saliva in the 
clinical situation was not considered in our study. 
4.6. Conclusions  
Under the conditions of our study, it was seen that VERRM has similar sealing abilities 
as that of MTA and may be suitable for clinical use as a root-end filling material. Further 
studies need to be conducted in order to determine its suitability for use in humans.
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 6. Appendix 
6.1.  Staining Protocols 
Haematoxylin & Eosin staining 
Steps:  
1. Agitate in 10% Hydrogen Peroxide, ratio 2:1 
2. Wash in water for 5 mins. 
3. Stain for 60 mins in Haematoxylin Gill No.3 
4. Rinse 1 min in Glacial Acetic Acid (1ml in 100ml distill water) 
5. Rinse for 10 mins in running tap water to dye blue 
6. Stain for 5 mins in Eosin 
7. Differentiate in 80% alcohol 
8. Differentiate in 96% alcohol 
9. Differentiate in 100% alcohol 
10. Dip quickly once in xylene 
11. Dry completely before you coverslip 
12. Coverslip in Technovit 7200 
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Results: 
• Nuclei Blue-black 
• Cytoplasm-Varying shades of pink 
• Muscle fibers -Deep pinky red 
• Fibrin- Deep pink 
• Red blood cells- Orange/red. 
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Toluidine blue staining 
1. Sections to rinsed in hydrogen peroxide for 5 minutes 
2. Toluidine blue/EDTA 1 hour  
3. Wash in distilled water Blot dry (37°C overnight or 60°C 8 hours)  
4. Rinse in methyl cyclohexane  
5. Mount in Technovit 7200  
Results:  
• Nuclei- Blue 
• Mineralized bone- Light purple  
• Osteoid- Colourless - pale blue  
• Mineralised front -Light blue  
• Reversal line-Dark blue/purple.  
To prepare Toluidine blue solution 
• Toluidine blue-1g  
• Diaminoethanetetra - acetic acid disodium salt-5g  
• Distilled water-100ml. 
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Von Kossa with Van Gieson: 
1. Sections have to be rinsed in hydrogen peroxide for 5 minutes. 
2. Place sections into a clean small glass beaker of 1% silver nitrate (filter solution) and 
expose to UV light for 20 minutes. 
3. Wash in distilled water 5 minutes. 
4. Fix in 1% solution thiosulphate for 30 seconds. 
5. Repeat step 3. 
6. Counterstain in Van Gieson (Unna's variant) saturated with picric acid for 15 minutes. 
7. Rinse in distilled water. 
8. Blot dry. 
9. Rinse in alcohol. 
10. Wash in methyl cyclohexane. 
11. Mount in Technovit 7200. 
Results: 
• Mineralized bone- Black 
• Osteiod/Collagen- Red 
• Marrow/Muscle- Yellow 
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To prepareVan Gieson (Unna Variant): 
• Acid fuchsin 2.5g 
• Nitric acid (conc) 5ml  
• Glycerine 100ml  
• Distilled water 900ml  
• Picric acid to saturation. 
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